Cranked Hartree-Foch Bogoliubov calculations have been performed for the doubly-midshell, N=104, Z=66 nucleus 170 Dy. Assuming the usual spherical magic shell gaps at nucleon numbers 50, 82 and 126, this represents the nucleus with the maximum number of valence nucleons below 208 Pb and as such, might naively be thought to exhibit one of the largest low-lying collectivities in the entire Segré chart. The results of our calculations suggest a robust quadrupole deformation, with very little deviation from axial symmetry up to high spins. These results are compared with other recent calculations performed by us on this nucleus which suggest a favoured, K = 6 + (neutron) 2-quasiparticle state which should have an extended decay lifetime (of the order of hours) into the ground state band. §1. Introduction
§1. Introduction
Nuclear quadrupole collectivity has a basis in the proton-neutron interaction. Casten and collaborators have demonstrated a dependence on the so-called 'valence product' (N n · N p ) for a number of nuclear properties which can be used as monitors of the quadrupole collectivity. These include the excitation energy of the first 2 + state, the energy ratio of the 4 Assuming such a simple model, one might expect the most collective nuclei to reside close to the doubly-mid-shell region around Z=66 and N=104, half-way between the proton shell and neutron shell gaps at Z=50 and 82 and N=82 and 126 respectively. Motivated by this phenomenon, in our recent work, we used TRS-style calculations 4) to study the evolution of shape in 170 Dy with increasing spin. This short paper uses a different formalism, namely the Cranked-Hartree-Fock-Bogoliubov 2) method to investigate the evolution of the ground state band properties of this nucleus as a function of increasing angular momentum. (For details in these calculations, the reader is referred to Ref. 3)). Figure 1 shows the results of the CHFB calculations for 170 Dy. The most striking aspect is the predicted constancy of the quadrupole and triaxial deformation in the ground state configuration of this nucleus between up to spins of approximately 20h. The predicted quadrupole deformation is effectively constant at β 2 =0.30 with γ predicted to be essentially zero for all spins between zero and 20h.
Our previous work on this nucleus 4) • Both of the ground-state band and high-K state in 170 Dy are predicted to have almost perfect axial symmetry. The associated robustness of the K-quantum number in such a case suggests that the lifetime of the K π = 6 + isomer will be rather long (∼hours). The current CHFB calculations are consistent with the TRS style ones in Ref. 4 ) in that they a well deformed, axially symmetric prolate shape, which is essentially 'stiff' over a wide range of angular momentum. It is hoped that this work will aid future experiments in the study of highspin states in the neutron-rich rare-earth nuclei. Partial motivation for this comes from recent advances in experimental techniques, such as the use of deep-inelastic reactions, 5) isotope separation on-line 6) and isomer spectroscopy following projectile fragmentation reactions 7) which have allowed access to near-yrast spectroscopy of states in neutron-rich, rare-earth and transitional nuclei for the first time.
The existence of high-K states around A 180 8) has demonstrated how such decays can be utilised as discrete "probes" for future experimental investigations into currently unstudied neutron-rich nuclei. By observing the delayed gamma ray emissions from the predicted K π = 6 + isomeric state in 170 Dy, it should be possible to identify the lowest lying members of the ground state band to track the quadrupole collectivity up to the mid-shell in this unique region.
